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ABSTRACT. A method to measure the amount of twig, branch, and trunk surface in forest canopies 
rapidly is described. The method uses variable-plot sampling with a forester’s cruising prism to estimate 
the relative amount of surface at different canopy heights. These surface estimates can be subdivided into 
descriptive categories, allowing a quantitative description of surface distribution. 


INTRODUCTION 


Forest canopies harbor a tremendous variety 
and number of organisms. How these organisms 
are distributed in the canopy’s light, moisture, 
and substrate environments reflects their adap- 
tations to canopy habitats and their functioning 
within epiphytic communities. Measuring light 
and moisture gradients is relatively straightfor- 
ward and has yielded useful insights (e.g., Pit- 
tendrigh 1948). In contrast, directly measuring 
twig, branch, and trunk surfaces dispersed in a 
forest volume is extremely difficult and tedious. 
Studies of the relationships between epiphytic 
organisms and their substrates have been ham- 
pered by lack of an efficient way to quantify can- 
opy surface independently of the distributions 
and abundances of canopy organisms. 

This paper describes a method to quantify bark 
surface in forest canopies and subdivide this sur- 
face into descriptive categories. Plots do not have 
to be laid out or measured individually. Instead, 
bark surface per unit of ground area is inferred 
from a sample of trunks and branches and certain 
geometric relationships as explained below. 
Choosing the sample is done with a cruising 
prism, which is fast and can be done without 
being close to each target branch or trunk. The 
method usually requires unambiguous, yes-or- 
no decisions making it inherently accurate. 

The method is based on a modification of vari- 
able-plot sampling, a well-tested technique that 
has been used by foresters to estimate basal area 
and volume in timber cruising since it was in- 
vented by Walter Bitterlich in the late 1940’s. 
Validation of the original method has been thor- 
oughly documented in a large theoretical and 
empirical forestry literature (Bell & Dilworth 
1989 and references within). 

I have used the method successfully in studies 
of tropical epiphytic plant communities. It could 
be employed in other canopy studies that need 
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a quantitative description of the relative area and 
characteristics of bark surfaces. Examples might 
include studies of bark-gleaning birds, arboreal 
territories of animals (e.g., ants, lizards), bark 
beetles, the distributions of other epiphytic plants, 
studies of forest structure and morphology, the 
vertical distribution of biomass, and certain 
studies of tree physiology and morphology. This 
paper briefly describes variable-plot sampling 
with a prism, presents a modification that allows 
prism sampling to be used for estimating surface 
rather than basal area, and discusses my expe- 
rience using it in the field. 


VARIABLE-PLOT PRISM SAMPLING 


Describing a habitat quantitatively usually in- 
volves laying out plots of known area within 
which the presence of a habitat feature is mea- 
sured. This measure of presence per unit area of 
plot is assumed to be a random variable with an 
expected value equal to the feature’s presence in 
the habitat. A count within a unit area of plot is 
often a sufficient measure of presence if the fea- 
ture is discrete and individual size is not impor- 
tant (e.g., simple occurrences of plant species, 
gopher mounds, animal tracks, etc.). Other hab- 
itat features, however, may need a measure of 
size instead of (or in addition to) counts (e.g., 
vegetation cover, diameter, basal area, etc.). Lay- 
ing out a number of variously placed plots and 
then taking counts or counts plus a measure of 
size, is One way to quantify the presence and 
environmental distribution of a habitat feature. 

In plotless sampling the distances of a sample 
of objects from a central point can be used to 
calculate an estimate of object frequency (Greig- 
Smith 1983). Variable-plot sampling is related 
to plotless sampling, but the objects included in 
the sample are determined by both their dis- 
tances from a central sampling point and by ob- 
ject size. Plot area is adjusted to object size to 
give each counted object equal weight. A simple 
tally of such counted objects leads to an estimate 
of a habitat feature’s presence per unit area that 
incorporates information about object size. Ob- 
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ject tallies around points variously placed in the 
environment become a way to quantify spatial 
patterns of a habitat feature. 

Choosing objects to include in a sample and 
then determining each object’s proper plot size 
are critical steps. If the object has a diameter that 
does not vary with the side from which it is 
viewed, both steps can be accomplished rapidly 
and accurately using a forester’s cruising prism. 
Cruising prisms are glass wedges ground to a 
slight angle, called the critical angle, that is typ- 
ically less than 5 degrees. When looking through 
a prism, Objects appear deflected to an extent 
that depends on the critical angle. Prism diopter 
is a Measure of this optical deflection. When us- 
ing a prism for variable-plot sampling, an object 
is tallied if the object’s diameter is greater than 
the deflection caused by the prism. Taking a tree 
as an example of an object, this means that a tree 
is tallied if, when looking through a prism at the 
tree’s trunk, the prism appears to shift a section 
of the trunk laterally less than the diameter of 
the trunk (FIGURE 1). 

For a given prism diopter, the probability of 
tallying a tree depends on its diameter. Small- 
diameter trees must be close to the prism to be 
tallied; larger trees can be further away and their 
diameter will still exceed the prism deflection. 
The tally decision is usually unambiguous: the 
object’s diameter either is, or is not, greater than 
the prism deflection. There are borderline cases, 
however, when the optical deflection exactly 
equals the diameter of the target object. At these 
borderline distances the tally is made, but given 
half weighting. 

Small diopter prisms will tally more objects 
since their optical displacement will exceed ob- 
ject diameters at greater distances than prisms 
with large diopters. The choice of diopter, there- 
fore, depends on the characteristics of the hab- 
itat. Small diopters are used in open habitats 
where objects are widely scattered. Large diop- 
ters are used in habitats with obscuring vegeta- 
tion or where objects are common. In some cir- 
cumstances, several prisms with different diopters 
can be used together to tally distinct classes of 
objects. 

The plot area inferred for each tallied object 
is that of a circle with a radius equal to the bor- 
derline distance for the object’s diameter. (The 
target object need not actually be at borderline 
distance.) The ratio between a tallied object’s 
diameter and its borderline plot radius is the 
tangent of the prism’s critical angle and is fixed 
by the choice of prism diopter. Any measure of 
the object that can be geometrically related to 
the object’s diameter can be scaled to standard 
areal units using an appropriately derived mul- 
tiplicative factor. 
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View through a prism at a target tree and 
branch. The trunk diameter exceeds the prism dis- 
placement and would be tallied. The branch would not 
be tallied. 


FIGURE 1. 


The diameter-related object measure that most 
commonly interests foresters is basal area. The 
ratio between a tallied tree’s basal area and the 
area of its plot is fixed by prism diopter. A basal 
area factor (BAF) derived from this ratio scales 
the basal area of a single tallied tree to larger 
units of ground area. Because the ratio is con- 
stant, all tallied trees, regardless of their diam- 
eter, represent equal basal area when scaled to 
the same unit of ground area. The tally count 
accumulated in a sweep around a central point 
multiplied by BAF gives an estimate of basal area 
at a site. Foresters often use basal area directly 
as a relative indicator of timber volume, for ex- 
ample in monitoring stand growth from year to 
year, or in preliminary cruises to compare dif- 
ferent timber stands. To estimate volume itself, 
foresters use empirical tables that relate basal 
area to volume given the tree’s species and form 
class. 

Circumference is another object measure re- 
lated to diameter having a fixed geometric re- 
lationship with a plot of borderline radius. An 
estimate of bark surface can be based on the 
constant ratio between the circumference of a 
tallied branch or trunk and the circumference of 
this circular plot. As with basal area, tree and 
branch circumference can be scaled to standard 
units of ground area using an appropriately de- 
rived factor. In my studies of the tropical forest 
canopy, I used circumference as a relative indi- 
cator of bark surface area. This allowed com- 
parisons of bark surface between different heights 
in the canopy and different forest habitats. I made 
no attempt to develop tables, analogous to for- 
esters’ volume-basal area tables, that would give 
true bark surface area, although this would be 
possible. 
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FIGURES 2—4. Reference diagrams for the deriva- 
tion of circumference factor (CF). 2. Prism diopter = 
a/b when b = 100 units. 3. a = radius of target tree, b 
= radius of plot, a = one-half of critical angle. 4. w = 
visible diameter of the target tree in cm, e = one-half 
the visible diameter of the target tree, and d = the 
distance from the prism to the cord representing the 
visible diameter. 


DERIVATION OF CIRCUMFERENCE 
FACTOR (CF) 


What follows is a derivation of a factor that 
yields circumference per hectare (circumference 
factor, CF) given prism diopter. Prism diopter is 
the number of units of optical deflection per 100 
units of distance between the prism and a target 
object. In FIGURE 2, 


a 
prism diopter = b when 
b = 100 units. 


In FIGURE 3, 


tree radius a , 
—— = _— [= sina therefore, 
plot radius b 


2ra ; 
= — = sin a. 


2ab 


tree circumference 
plot circumference 
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This ratio is the same if projected to a per hectare 
basis: 


tree circumference 
plot circumference 


_ circumference per hectare 


circumference of 1 
circular hectare 


therefore, 


circumference per hectare 
354.5 m 


nN a. 
Since 

1 
cosec a’ 


354.5 m 
cosec a ` 


coseca = V1 + cota, therefore, 
, 354.5 m 
circumference per hectare = | —== ]. 
V1 + cota 


In FIGURE 4, where w is the perceived diameter 
of the target tree, 


sin a = 


circumference per hectare = 


d d 2d 
cot a = — = —— = — 
e O5w w 
and 
2 
d 
cota = a($) 
wW 
therefore, 


354.5 m 


circumference per hectare = d > 
1+4{— 
W 


or, since — = the prism diopter, 
W 


circumference per hectare 
-( 354.5 m 
© (VI + 4(diopter)?/ 
and, 


CF = ( 354.5 m ) 
1 + 4(diopter) 


DISCUSSION 


I used variable-plot prism sampling and the 
formula for CF just derived in a study of a trop- 
ical epiphytic plant community in a lowland wet 
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forest canopy in Costa Rica. Variable-plot prism 
sampling allowed me to estimate both the total 
branch and trunk surface in the forest canopy 
and to subdivide that surface into categories re- 
flecting spatial distribution and surface charac- 
teristics. I then used this distribution of bark area 
as an expected distribution of epiphytes and 
compared it to an observed distribution. This 
helped me develop hypotheses about the inter- 
actions between epiphyte species and the mi- 
crosite characteristics available in the canopy 
habitat. 

For my study, I made prism estimates at dif- 
ferent levels of the lower canopy while ascending 
a rope. The visual tallying was particularly ad- 
vantageous since it was not necessary to ap- 
proach each tree to measure it, an impracticable 
task. Each tally was classified visually for cate- 
gories of diameter, bark texture, species, epi- 
phyte cover, etc., and the total surface estimate 
subdivided proportionately. Making a tally judg- 
ment was not difficult in most cases even if the 
target was partially obscured by vegetation. Only 
when the target was borderline was it necessary 
to make a careful sighting and hold the prism 
exactly over the center sampling point. 

The method described here makes it possible 
to measure and plot branch and trunk surfaces 
in a forest canopy relatively easily. Canopy or- 
ganisms live their lives mostly on the non-ter- 
restrial surfaces of a forest; they grow, perch, 
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forage, defend territories, reproduce, and die on 
such surfaces. A simple field method that allows 
this surface to be described and measured ac- 
curately is useful in studies of many canopy or- 
ganisms other than epiphytic plants. 
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